Objective To investigate the effect of long zona dissection (LZD) compared with partial zona dissection (PZD) using ICSI pipettes for mechanical assisted hatching (AH) in vitrified-thawed blastocyst transfers. Design Prospective study. Setting University IVF clinic. Patient(s) A total of 120 women ≦ 38 years old undergone vitrified-thawed blastocyst transfers with LZD or PZD. Intervention(s) The culture of all pronucleate embryos to the blastocyst stage and the selection of blastocysts ≧ grade 3BB (Gardner and Schoolcraft score), followed by vitrified-thawed blastocyst transfers with LZD (n060) or with PZD (n060) Main outcome measure(s) Complete hatching rates, implantation rates, pregnancy rates. Result(s) At 5 h after thawing, complete hatching rates of blastocysts were significantly higher in LZD group compared with PZD group, 52.4 % vs. 31.8 % (P00.001). Implantation and clinical pregnancy rates were significantly higher in LZD group compared with PZD group, 40.9 % vs. 25.7 % and 63.0 % vs. 40.0 %, respectively (P00.010, P00.011).
Introduction
Hatching is a critical process where the blastocyst escapes through the zona pellucida (ZP) before implantation. However, during in vitro culture or cryopreservation, the hatching of human embryos can be inhibited due to thick or hardened ZP [1] . In order to overcome these problems, a variety of assisted hatching (AH) techniques have been introduced since mechanical AH was first reported by Cohen et al in 1990 [2] . There are ZP drilling or thinning with acidified Tyrode's solution or laser, two or three-dimensional partial zona dissection with a glass microneedle and the use of a piezo-micromanipulator [3] [4] [5] [6] [7] [8] . However, the effects of AH vary according to the kind and extent of AH and its benefit is still debatable.
Recently, there have been reports providing clues about this argument. The size of AH opening is important for the complete hatching of the blastocyst because a small or moderate sized zona opening can often induce the hatching blastocyst into an '8' shape and trap inner cell mass (ICM) [9] . This report could account for why the clinical outcomes of AH are various and inconsistent. Also, Miyata et al. reported on the relevance of the site of AH (20 um sized opening by laser) in vitrified-thawed human blastocysts. Complete hatching rates are significantly higher in AH group near the ICM compared with AH group at the opposite site [10] . This report implies that small sized hole is inappropriate in cleavage stage in which the site of the ICM is not confirmed and AH of the opposite side can adversely affect outcomes.
Therefore, we devised a long zona dissection (LZD) technique using ICSI pipettes that can overcome the problems related to size and site of AH and can prevent the trapping of ICM. This method does not require any new equipment and could be easily performed by an embryologist handling a micromanipulator. We report the clinical outcomes of long zona dissection using ICSI pipettes in vitrified-thawed blastocyst transfers.
Materials and methods

Patients
Inclusion criteria of patients were women aged ≦ 38 years, normal uterine cavity and fresh and ejaculated sperm. One hundred twenty patients were randomized to LZD group versus PZD group from a computer-generated random number sequence.
Blastocyst culture and selection
After the standard IVF or ICSI, all embryos were cultured to the blastocyst stage in sequential media. All blastocysts were evaluated using Gardner and Schoolcraft's scoring system [11] , and blastocysts ≧ grade 3BB were selected for vitrifiedthawed blastocyst transfers.
Long or partial zona dissection using ICSI pipettes for mechanical AH AH was performed by LZD or PZD using ICSI pipettes just after vitrification and thawing ( Fig. 1) . ZP was completely penetrated by the injection pipette from a 4 o'clock direction to 8 or 9 o'clock direction. Thereafter, a large split (more than 2/3 of ZP diameter) or a small split (lesser than 1/3 of ZP diameter) were created by rubbing and dissecting procedures using the edge of the holding pipette and the middle part of the injection pipette. After LZD or PZD, blastocysts were cultured. The thawed blastocysts were transferred at 5 h after thawing.
Endometrial preparation and blastocyst transfer
Endometrial preparation was done by administration of oral estradiol valerate. Vitrified-thawed blastocysts were transferred on cycle day 20 or 5 days after the start of luteal support.
Outcome measures and statistical analyses
Complete hatching rates of blastocysts, implantation rates, clinical pregnancy rates and ongoing pregnancy rates were investigated. Data are expressed as mean ± standard deviation unless otherwise specified.
Results
There were no significant differences in general demographic and clinical characteristics between two groups. Table 1 shows the clinical outcomes of vitrified-thawed blastocyst transfers in the LZD and PZD groups.
Complete hatching rates of blastocysts before cryopreservation were not statistically different between both groups (P00.690). At 5 h after thawing, complete hatching rates were significantly higher in the LZD group compared with the PZD group, 52.4 % vs. 31.8 % (P00.001). The average number of transferred blastocysts were 2.0±0.7 in the LZD group and 2.2±0.8 in the PZD group and implantation rates were significantly higher in the LZD group compared with the PZD group, 40.9 % vs. 25.7 % (P00.010).
Also, clinical pregnancy rates were significantly higher in the LZD group compared with the PZD group, 63.06 % vs. 40.0 % (P00.011). Ongoing pregnancy rates were higher in the LZD group compared with the PZD group, 50.0 % vs. 33.3 % (P00.064), but were not significantly different.
Discussion
Recently, several studies have recommended AH in women with a relatively poor prognosis, including those with advanced maternal age ≧ 38, previous failed IVF cycles ≧ 2, poor embryo morphology, thickened zona or frozen-thawed embryos, but have not recommended AH in women with a relatively good prognosis [3, 12, 13] . Especially, size and site of the opening are important for the evaluation of AH because the ICM can be trapped as '8' shape by partial zona dissection, the small opening or the thinning [9, 10] . If the effect of AH is evaluated in vitrified-thawed blastocysts with good quality by LZD, the results of AH may be consistent and different from previously reported results.
In human blastocysts, LZD with a large slit enhanced complete hatching rates significantly compared to a moderate slit (two-fifths of ZP diameter), 100 % vs. 71.8 %, respectively. They demonstrated that the complete hatching rate of LZD group is higher than PZD or no-AH groups and the size of hole created in the ZP is important for complete hatching because zona openings of small or moderate size can often trap the ICM. Also we have previously reported the effects of LZD using ICSI pipettes in vitrified-thawed mouse blastocysts [14] . Complete hatching rates were significantly higher in AH group compared with no AH group, 100 % vs. 50 %, respectively. These 2 reports showed that complete hatching rates of LZD group compared with PZD or no-AH groups are significantly higher in vitrified-thawed cycles as well as fresh cycles and LZD can completely overcome zona hardening. Also, Hiraoka et al have reported the importance of the size of ZP opening by laser AH [15] . In frozen-thawed cleavage embryos that were cultured to blastocyst after thawing, implantation rates were significantly higher in the 50 % ZP opening group (100 % of ZP diameter) compared to 40 um ZP opening group and no AH group, 52 % vs. 27 % vs. 10 %, respectively. This report also showed that the size of the ZP opening is important for implantation or complete hatching.
In our study, to overcome possibility of ICM entrapping related to the size of the AH opening, the size of LZD was done by more than two thirds of ZP diameter. Frozen blastocysts were generally thawed at 9 a.m. and transferred at 2 p.m., that is to say, the complete hatching rates of blastocysts were the results investigated at 5 h after thawing. Complete hatching rates were significantly higher in the LZD group compared with PZD group, 52.4 % vs. 31.8 %, respectively. Also, the hatching blastocysts of the LZD group escaped ZP as a peanut-like shape and any hatching blastocyst did not show '8' shape, even though LZD had been performed at the opposite site of ICM. Considering previous reports about LZD [9, 14] , complete hatching rates might increase more over time. However, additional studies are necessary for determining how many human blastocysts are completely hatched without trapping after LZD. In our study, implantation and clinical pregnancy rates were significantly higher in the LZD group compared with control group, 40.9 % vs. 25.7 % and 63.0 % vs. 40.0 %, respectively. This means that the difference of implantation and pregnancy rates results from the difference of complete hatching rates between the 2 groups. It has been well known that zona hardening occurs in the processes of in vitro culture and cryopreservation [16] . So, AH with LZD could also improve implantation and pregnancy rates in fresh blastocyst transfers.
In conclusion, LZD using ICSI pipettes significantly improves implantation and pregnancy rates in vitrifiedthawed ET cycles and highly cost effective compared with laser method. This study was limited by a small sample size and the use of frozen blastocysts, therefore further casecontrolled prospective multicenter studies are needed to evaluate this technique.
